Renal impairment is a common presenting feature in multiple myeloma (MM) and an estimated 50% of patients are affected during the course of their disease.
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Moderate and/or severe renal impairment/failure is associated with poorer survival. [2] [3] [4] Subanalyses of phase III studies in patients with previously untreated or relapsed/refractory MM, along with other studies and analyses, have demonstrated that bortezomib-based treatment is active and well tolerated in patients with renal impairment, and also appears to partly or fully overcome the poor prognosis associated with renal impairment. [5] [6] [7] [8] [9] [10] [11] In addition, bortezomib has been shown to result in renal impairment reversal in a proportion of patients. 6, [8] [9] [10] [11] [12] These previous bortezomib studies all used the intravenous (IV) route of administration.
Bortezomib is approved for both subcutaneous (SC) and IV administration. Approval of SC administration was based on the phase III MMY-3021 study in 222 patients with relapsed MM, which demonstrated noninferiority of SC versus IV bortezomib in terms of response rates after four cycles, similar efficacy, and an improved systemic safety profile. 13, 14 To confirm these findings in the setting of renal impairment, we conducted a post hoc subanalysis to compare activity, response kinetics, long-term outcomes, and safety with SC versus IV bortezomib in patients with moderate-to-severe (CrCl 20-50 mL/min) or mild/no renal impairment (base-line CrCl >50 mL/min).
The design of MMY-3021 has been reported previously. 13, 14 Patients were randomized 2:1 to receive up to eight 21-day cycles of SC or IV bortezomib 1.3 mg/m 2 on days 1, 4, 8, and 21. Two additional cycles were permitted for patients with evolving response. Dexamethasone 20 mg on days 1, 2, 4, 5, 8, 9, 11, and 12 could be added from cycle 5 onwards. All patients required adequate hematologic, hepatic, and renal function (base-line CrCl ≥20 mL/min). Institutional review boards or independent ethics committees at all participating institutions approved the study, which was conducted in accordance with the provisions of the Declaration of Helsinki, the International Conference on Harmonization, and the Guidelines for Good Clinical Practice. All patients provided written informed consent. This study is registered at clinicaltrials.gov identifier: 00722566 and EudraCT (2008-000952-28) .
Base-line demographics and disease characteristics of patients in each arm according to renal subgroup are summarized in Table 1 . Among patients with CrCl more than 50 mL/min, median number of cycles was eight haematologica 2015; 100:e207 (range 1-10) in both arms; 65 (57%) and 37 (61%) of patients in the SC and IV subgroups, respectively, received added dexamethasone. However, among patients with CrCl 20-50 mL/min, those in the SC arm received a substantially longer median duration of treatment than those in the IV arm. Median number of cycles of bortezomib received was eight (range 1-10) in the SC arm and three (range 1-9) in the IV arm; 17 (52%) and 2 (15%) patients, respectively, received added dexamethasone. Among patients with CrCl 20-50 mL/min, in the SC subgroup, 16 of 33 patients (48%) discontinued treatment early, prior to receiving eight treatment cycles (4, 1, 2, 3, 4, 1, and 1 patient(s) received 1, 2, 3, 4, 5, 6, and 7 cycles, respectively); discontinuations were due to adverse events (AEs) in 8 patients [24%; 4 peripheral neuropathy (PN)/neuropathic pain, 2 pneumonia, 2 renal impairment/failure], progressive disease in 5 patients (15%), death in 2 patients (6%; pneumonia, sudden death), and patient choice in one patient (3%). In the IV subgroup, 9 of 13 patients (69%) discontinued early (2, 2, 3, 1, and 1 patient(s) received 1, 2, 3, 4, and 5 cycles, respectively); discontinuations were due to AEs in 2 patients (15%; diarrhea, viral conjunctivitis), progressive disease in 4 patients (31%), death in 2 patients (15%; coronary artery disease, myocardial infarction), and patient choice in one patient (8%). Due to the confounding factors of the substantially shorter duration of treatment, and the very small number of patients (n = 13) in the IV bortezomib subgroup with CrCl 20-50 mL/min, no comparisons of efficacy and safety can be made between SC and IV bortezomib in these patients. The shorter treatment exposure may have been associated with limited efficacy but also a substantially reduced safety profile, and the small number also prevents meaningful statistical comparison.
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Response rates (across all treatment with bortezomib ± dexamethasone) and outcomes across renal subgroups are summarized in Table 2 . Response rates were generally similar between SC and IV bortezomib in patients with CrCl more than 50 mL/min; the relative risk of response was 0.92 (95%CI: 0.69, 1.22; unstratified MantelHaenszel estimate). Overall response rate also appeared to be similar with SC bortezomib in patients with CrCl 20-50 mL/min and CrCl more than 50 mL/min (53% and 52%, respectively). Of importance in the patient population with CrCl 20-50 mL/min, time to response was rapid via both routes of bortezomib administration; a finding also seen in the subgroups of patients with CrCl more than 50 mL/min (Table 2 ). In addition, among patients with base-line CrCl 20-50 mL/min, clinical benefit in terms of renal impairment reversal (to CrCl >60 mL/min) was reported in 10 (30%) SC bortezomib patients and 2 (15%) IV bortezomib patients.
Overall median follow up was 17.3 months in the SC haematologica 2015; 100:e208 LETTERS TO THE EDITOR Table 2 . Best confirmed response rates and time-to-event outcomes with SC and IV bortezomib (± dexamethasone) according to renal subgroup (CrCl 20-50 or >50 mL/min), in response-evaluable patients (those with measurable, secretory multiple myeloma who received ≥1 dose of bortezomib; response rates and time to response) or the intent-to-treat population (other outcomes).
CrCl 20-50 mL/min CrCl >50 mL/min SC bortezomib IV bortezomib SC bortezomib IV bortezomib arm and 17.8 months in IV arm. In the subgroups of patients with CrCl more than 50 mL/min, long-term outcomes including time to progression (TTP), progressionfree survival (PFS), and overall survival (OS) were generally similar between SC and IV bortezomib ( Table 2) . Median TTP (10.5 and 9.7 months) and median PFS (8.6 and 9.5 months) also appeared to be similar between patients with CrCl 20-50 mL/min and CrCl more than 50 mL/min who received SC bortezomib. However, OS with SC bortezomib appeared somewhat shorter in patients with CrCl 20-50 mL/min compared with patients with CrCl more than 50 mL/min (1-year OS: 69.7% and 78.3%, respectively). These data suggest that SC bortezomib may possibly partly overcome the negative prognostic impact of renal impairment, while the apparent trend to shorter OS may be influenced by the use of subsequent therapies that do not sustain the effect of SC bortezomib in renally impaired patients. Safety profiles according to renal subgroup are summarized in Table 3 . The safety profiles of SC and IV bortezomib (± dexamethasone) in patients with CrCl more than 50 mL/min reflected the previously reported findings for the overall study population, 13, 14 with the same relative differences between arms. Findings showed an improved systemic safety profile with SC versus IV bortezomib in patients with CrCl more than 50 mL/min, with the most common AEs including PN not elsewhere classified (NEC; high-level term) (36% vs. 57%), anemia (33% vs. 38%), and thrombocytopenia (33% vs. 41%). Overall, 54% versus 69% of patients with CrCl more than 50 mL/min receiving SC versus IV bortezomib reported grade 3 or more AEs, which included 5% versus 18% PN NEC. Serious AEs were reported in 35% versus 33% of patients, 22% versus 28% of patients discontinued due to AEs, and 3% versus 7% of patients died due to AEs with SC versus IV bortezomib. As noted, in patients with CrCl 20-50 mL/min, comparisons of the safety profiles of SC and IV bortezomib are confounded; the relative safety profiles differed compared with in the overall study population, likely associated with the difference in treatment exposure.
Incidences of common AEs with SC bortezomib appeared generally similar or numerically higher in patients with CrCl 20-50 mL/min versus more than 50 mL/min, with PN NEC, anemia, thrombocytopenia, and diarrhea appearing more frequent (Table 3 ). In addition, there appeared a higher overall rate of grade 3 or more AEs in patients with CrCl 20-50 mL/min. Within the SC arm, 3 (9%) patients with CrCl 20-50 mL/min and 6 (5%) patients with CrCl more than 50 mL/min had local reactions to SC administration that were reported as AEs. Rates of serious AEs (39% and 35%) and discontinuations due to AEs (24% and 22%) with SC bortezomib appeared similar between CrCl 20-50 mL/min and CrCl haematologica 2015; 100:e209 LETTERS TO THE EDITOR Table 3 . Safety profiles of SC and IV bortezomib (± dexamethasone) by renal subgroup, including common adverse events (all grades, ≥10% of patients overall in either arm; grade ≥3, ≥5% overall in either arm), in the safety population (all patients who received ≥1 dose of bortezomib), assessed per the National Cancer Institute's Common Terminology Criteria for Adverse Events v.3.0. 
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